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*  the  stress  relief  Cff  TITABIW  IKLDS  rCR  KW-TEJffsRATURE  AFPLICATlOlfS 

R.  li.  Evans 


Itudi  concern  has  been  sha«<n  in  recent  oonths 
about  the  need  for  stress  relieving  welds  in 
titaniwa  alloys,  particularly  for  applications  at 
low  teaperatures.  A  typical  inquiry  fro*  a  pressure- 
vessel  fabricator  asks,  "Xs  it  necessary  tc  stress 
relieve  welds  in  Ti-bAl-AV?"  This  Technical  Note 
is  a  coaiposite  of  answers  furnished  by  the  Defense 
Metals  Infoxwaiion  Center  to  such  questions.  The 
coanents  apply  nainiy  to  ttiose  alloys  used  in 
pressure  vesselst  Ti-6Ai-4V,  Ti-5A1-2.5S’“  and 
unalloyed  titanium.  They  are  general  of  ecessity 
because  the  need  for  stress  relief  often  depends 
upon  the  end  use  of  ttie  product. 

Stress-relieving  treatments  are  cosmonly  re¬ 
quired  idien  fabricating  complex  welded  assemblies. 
They  reduce  residual -welding  stresses  and  prosote 
dimensional  stability. .  The  treatment  is  most  often 
performed  on  the  finished  part  but  may  also  be  done 
at  various  stages  of  asseaily  if  dimensional  control 
is  a  problem.  Stress-relaxation  annealing  times  and 
temperatures  for  different  alloys  are  presented  in 
Table  1.  The  actual  temperature  and  time  ^ould  be 
determined  for  each  heat  of  base  metal,  base-mi  tal 
filler-metal  coirt)ination,  base-metal  condition,  and 
weld  structure  because  they  can  vary  with  any  or 
all  of  these  variables. 

Stress-relieving  treatments  for  wlds  in  the 
Ti-6A1-4V  alloy  are  not  absolutely  necessary  for 
all  applications.  However,  such  treatments  may  be 
desirable  and  necessary  for  some  applications.  Tne 
need  for  ctress-relieving  operations  depends  on  a 
nuniaer  of  factors,  including  operating  temperatures, 
design  stresses,  weld-metal  composition,  presence  of 
stress  raisers,  extent  of  welding  in  the  structure, 
and  weld  quality.  The  decision  of  whether  or  not 
to  use  stress-relieving  treatments  generally  is 
based  cn  judgment  and  previous  experience.  Some  of 
the  factors  that  influence  this  decision  are  dis¬ 
cussed  below. 

One  reason  for  advocating  stress-relieving 
treatments  is  to  increase  the  dimensional  stability 
of  vtelded  structures.  Also,  stress  relieving  will 
act  as  a  hot-sizing  operation  and  can  greatly  reduce 
problems  in  manufacturing  parts  to  close  dimensional 
tolerances.  This  is  especially  true  for  complex 
weldments  that  are  made  up  of  several  subassemblies. 

Another  reason  for  recommending  stress- 
relieving  treatments  is  to  reduce  the  possibility 
of  premature  failures.  Residual  welding  stresses 
approaching  the  yi^id  strength  of  the  weld  metal 
are  possible  in  welded  structures.  The  magnitude 
of  these  stresses  dof^end  on  the  rigidity  of  the 
structure  and  the  restraint  on  the  weld.  With 
these  high  residual  stresses  present  in  a  structure 
subjected  to  stress,  the  weld  plastically  deforms. 

If  the  weld  has  sufficient  ductility  and  toughness 
to  deforrri  in  the  presence  of  defects,  the  residua! 
stresses  do  not  cause  a  problem.  On  the  other  hand, 
if  the  weld  has  low  ductility  ar>d  low  toughness,  it 
may  fail.  Frirtherrr.ore,  if  the  structure  is  subjec¬ 


ted  to  dynamic  loading,  the  i^ssibnity  of  fatigue 
fsiltrres  nay  be  increased  iiy  the  of 

residual  stresses  in  the  weids^ 

TABU  1.  STRESS-SELAXATION  AtKE^LlNG  7EMPBM7URES 
AND  TIMES 


Nominal  Conposition, 
weight  per  cent 

Stress  Risiieying 
Tewperature, 

F  - 

^iae  at 

Tespficaturt', 

hours 

Coonercially  pure 

800 

8 

titanium 

900 

3/4 

1000 

m 

Ti-5A*l-2.5Sn 

900 

20 

ICCC 

6 

IICG 

2 

1200 

1 

Ti-6A1-4V, 

900 

20 

annealed 

ICOC 

2 

IICG 

1 

Ti-6A1-4V,  solu- 

900 

15 

tion  treated 

1000 

4 

Ti-6A1-4V,  solu- 

9C0 

15 

tion  treated  and 

1000 

5 

aged 

The  ductility  and  toughness  of  welds  in  most 
metals  decrease  both  as  the  temperature  of  the  welds 
is  lowered  and  as  strain  rate  is  Increased.  There¬ 
fore,  operating  ten^pc-rature  is  important  in  deciding 
whether  or  not  stress-relieving  treatments  are  neces¬ 
sary.  Also,  the  presence  of  notches  or  ttress 
raisers  in  the  joint  increases  the  strain  rate. 
Stress-relieving  treatments  tnay  not  be  necessary 
for  welded  joints  in  Ti-6Al-4V  that  are  not  subjected 
to  severe  stress  concentration  and  are  in  service  at 
room  temperature  and  above.  This  is  based  on  good- 
quality  welded  joints  that  are  properly  designed. 

Poor  welds,  especially  if  they  are  contaminated,  can 
fail  In  service  under  almost  any  condition. 

In  addition  to  service  temperature,  the  purity 
of  the  base  and  filler  metal  and  the  composition  of 
the  filler  metal  are  Important.  The  purity  of  the 
titani\m»  alloy  affects  the  toughness  of  the  base  and 
weld  metals.  This  is  *>e  reason  many  fabricators 
now  use  the  ELI  grades,  espc'cially  for  low- 
temperature  service,  With  good-quality  welds,  a 
particular  alloy  can  be  used  as  both  base  and  f 11 lei 
metal  at  temperatures  considerably  less  than  room 
temperature,  but  we  do  not  have  sufficient  data  to 
relate  performance  of  welds  at  low  temperatures 
with  impurity  content, 

A  further  consideration  is  the  effect  of 
stress-relieving  treatments  on  the  mechanical  prop¬ 
erties  of  the  welds.  Stress-relieving  temperatures 
in  the  range  of  900  to  HOC  F  are  considered  neces- 
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Mvy  t*  xaiiet  mliwil  ■  I*  TI*«A1«4V.  At 

ttMt  t  BWjf iTwril.  tM«  allflr  *9t  tarden  if  It 
lut  Im  flftily  Qtcii^tf  fMB  atUlBi  tifuratai—. 
Biilitfivt*  If  «f»  iMritfilAt  oeaM*  it  acy  g«toc» 

«»  iMWfict^  «rf«eU  ml  tUaM  laliaviiif.  Im 

C^MOTMt  tiM*  MM  eai|)MtM  bSV* 

ftaif  tt  liipMMitii*  ta  MrfUM  tfta  afiiit  «i<  atzawi* 

s^tM  anMNli  te  •  tlagla  hMt  txMtamt. 

fH»  tltatitaa  altayc  m*  •mcaptiU*  to  stroso* 
tmamsm  Mtdain  «Imm  Mbiloetotf  to  hl^i  ttooM 
Ktvilo  at  tMpmtono  in  tot  ivommo  of 

rtfliirtito.  AM»  wotoct  amA  xmmr  for  ttxMo 
Mllfvlii  la  to  MtoM  tot  ftaoM  lo«ol  of  porta 
taldactort  to.tfttotof  tooptrototoa  and!  chlarSto 
•ORftooMMfto  tetof  ittvtet.  Bocaooo  of  tlit  sm> 
eopttollily  to  ataima  e«n»oioii,  cortoiii  proeao- 
ttoM  tot  wwoatwy  aaring  otrooa  nlltving.  Parts 
ttouM  Mt  to  totooaotol  «Ath  aoltcnto  toito  aay 
litoto  ddtMtUo  MOttotM  Stvoral  fatolcatora  havt 
npwtod  oadtlag  to  toiaomto  during  otrow  rtllof 
tooo  tto  caapoMpto  or  tooltag  oort  dtgrtoaed  In 
trlafctaaootofioto  pHto  to  littting.Ci}  Final  aol- 
MOit  rittoinf  olto  oloetol*  aeotant,  or  draar  filing 
toot  tolara  wlding  «111  avoid  tot  potalMllty  of 
ttfOO»»oawtlao  cracking  during  tirtat  rtllof. 

Ihit  nlll  alto  atniadra  atld  poroalty. 


Dthcr  tnrk  by  S*  P.  Karstoll  and  M,  R.  Lsv> 
toanC^)  tIiiOMd  tot  oriantotlon  of  hydrldtt  in 
ZSrcaley  Mt  in  tom  dependant  upon  tot  erlantatlon 
of  liydildt  platolotc.  Stated  in  tome  of  tot  l^fdro> 
gra  coRtant,  as  Mdi  at  100  ppn  of  bydrsgtn  prtaont 
to  randeaty  orlantod  hydrides  did  net  dtertatt  tot 
ductility  of  flrealey  telon  10  par  cast  M,  but  idian 
30  ifM  hytoogtn  mt  present  at  hydrldtt  orlantod  on 
pltoo*  nemal  to  tot  stroas  axit(  tot  aatoritl  mt 
tolttlo.  Tht  ultlmto  strangto  mt  alto  grettly 
rtducad. 

Altoeu^  data  doulng  the  stTott  dapandanet 
of  hydride  erlantatlon  ^n  titmiun  alloys  ara  not 
availaldo»  h^thridea  muld  alto  to  oxpectad  to  • 
precipitata  on  plants  mxml  to  tensile  stress  in  an 
tlloy.  Such  erientotlon  of  hydride  it  anargatically 
fevorahla  bacmim  the  mtrix  ueuld  be  expanded  In 
a  direction  to  relieve  the  applied  stress.  Titsniun 
alloys  such  se  Ti-6A1-4V  and  Ti-Mi-2.S8n  have  a 
highto  hydrogan  tolerance  tom  unalloyed  tltaniua. 

A  hydrogen  content  of  ISO  ppn  (randoedy  orientad 
hydrides)  has  been  thorn  not  to  affect  the  roo»> 
temperature  tensile  ductility  of  mlded  joints  in 
Ti-6Al>to»  nhilc  hydrogen  in  excess  of  100  ppn 
(rsndonly  orlontcd  h^ides)  enbrittles  mlds  in 
unalloyed  titaniuai.ls) 


lliert  are  ottor  aoro  fundamntal  ampecta 
sMch  could  shM  m  edventage  to  be  gained  by 
etoeft  relleelng*  A  recent  etudy  perfomed  by 
naaty  ef  e  delayed  fracture  in  eeaiMWlded  un> 
allayed  titantus  Indicatod  that  failure  ma  due  to 
high  rootduil  otteoooe  in  roetrainod  arete  at  a 
reault  ef  mldlng.  An  ejuudnatlen  of  the  fracture 
earfeee  by  mane  ef  electren  adcreacopy  clearly 
towed  toet  the  tltanim  felled  in  a  brittle  mnner. 
Altoeu^i  toe  nature  ef  tot  cebrlttlment  me  not 
poelttuely  identified*  mtallogrephic  exenination 
Sbemd  that  hydride«ptose  pTecipitstion  ms  con* 
eanflaeted  in  toe  mid  end  htat«effeetod  xcme.  On 
too  beeis  ef  infematien  dlecueeed  belou*  it  Is 
suspected  that  hydride  precipitation  on  planes 
oriented  nansl  to  too  principal  axis  of  residual 
streecoe  in  too  sheet  contributed  to  a  significant 
leuerihg  ef  the  frecturo  stress  for  clesvage.  This 
psrtlculsr  mterisL  contsined  only  63*73  ppn  of 
hydregsn  toieh  mS  apparently  uniforaly  distributed 
in  the  beet  and  ueld  mtsl  on  a  macroscale. 

A  hydride  phase  generally  can  act  in  two  mye 
to  enbrltUe  titaaiumi  (l}.as  a  stress  raiser,  and 
(2)  torsugh  its  Inherent  brittleness  which  results 
In  toe  inUoduction  of  mimrous  microcracks.  Usual¬ 
ly*  toe  hydride  phase  is  randomly  located*  so  that 
brittleness  is  observed  only  when  the  hydrogen  con¬ 
tent  it  cxcessito*  or  when  conditltms  are  such  that 
the  ductile  btosvler  of  the  mtrix  is  sdninirtd, 
i.e.*  St  high  strain  rates  or  low  tenperatures. 

Recently*  homver*  M.  R.  Louthan(3)  has  shown 
that  hydrldC'  platelets  in  tltanim  can  be  preferen- 
tiilly  oriented  by  strees.  Thus,  on  cooling  a  weld- 
roUod  sasple  of  unalloyvd  titanium  from  F  under 
an  applied  tensile  stress  of  30,000  osi,  hydride 
platelets  precipitated  nearly  perpendicular  to  the 
principal  stress  axla. 


In  the  case  of  the  fracture  Investigated  at 
Battolle*  it  it  expected  that  a  stress-relief  treat- 
•ent,  after  prelimineTy  mlding  end  before  the 
final  mldlng  operation,  would  minimize  hydride  em- 
brlttlesKnt.  The  positive  effects  of  such  a  stress- 
relitf  treatasnt  would  be  threcfoldt  (1)  residual 
stresses  (the  forces  for  crack  initiation)  would  be 
reduced*  (2)  hydride  precipitation  on  planes  normal 
to  residual  tensile  stresses  (the  embrittling  condi¬ 
tion)  would  be  mlnlmiztd*  and  (3)  redistribution  of 
the  hydrogen  would  lower  the  amount  of  hydride  phase 
in  the  heat-effected  zone. 

More  recently,  additional  Information  on  the 
desirsbillty  of  stress  relieving  titanium  alloy  welds 
intended  for  low-terawature  applications  has  become 
available  to  DMIC.v^)  jn  this  instance,  tensile 
properties  were  determined  on  a  number  of  T1-5A1- 
2.5dn  TIG-  and  electron-beam-welded  samples  of  the 
ELI-grade  alloy,  both  with  and  without  an  unspecified 
stress-relief  anneal,  at  temperatures  to  -423  F. 

These  data  are  summarized  In  Table  2.  On  the  basis 
of  the  apparently  beneficial  effect  of  stress 
relief  on  the  low- temperature  tensile  elongation  and 
spread  in  elongation  values,  it  was  concluded  that 
stress-relief  annealing  is  beneficial  and  desirable. 
It  is  of  further  interest  to  not®  that  metallograpfilc 
evaluation  of  two  electron -beam-welded  fo  Qlng  speci¬ 
mens  (afvieh  failed  prematurely  at  -3C0  F  and  -423  F) 
showed  evidence  of  whit  appeared  to  be  a  hydride 
phase  on  the  fract'jre  surface.  The  suspect  precipi¬ 
tates  disappeared  idien  the  specimen  was  heated  to 
1475  F  for  30  minutes. 

In  suawary,  ell  aspects  of  welded  structure 
are  important  In  deciding  whether  stress-relieving 
treatmentfc  are  necessary.  It  is  not  necessary  to 
stress  relieve  ail  welds,  but  such  treatments  may  be 
deiilrablo  when  the  ilructures  am 


•2 


f 


# 


*iry  to  i'odaco  xosldual  stresses  in  Ti-6Al-4V.  At 
'chose  te»»per«tures,  ,this  alloy  will  age  harden  if  It 
has  rs^ldly  cooled  fron  welding  teipperaturesl 
The^wforCt  if  9^  hardening  occurs*  it  csy  reduce 
the  beneficial  effects  of  stress  relieving.  To 
cixcixwmt  these  difflcvltiesi  so«e  companies  have 
foimi  it  convenient  to  coabine  the  aging  and  stress-* 
relief  anneals  in  s  single  heat  txeatisent. 

Sone  titsniuia  alloys  are  susceptible  to  stress-* 
domsioh  cracking  when  scblected  to  high  stress 
levels  at  elevated  te^ratures  in  the  presence  of 
chleridts.  Ihfus*  «tother  good  reason  for  stress 
relieving  is  to  reduce  the  stress  level  of  parts 
subjected  ta. elevated  tesperstures  and  chloride 
environaients  during  service.  Because  of  the  sus* 
ccptlbility  to  stress  corrosion*  certain  piecau- 
tiens  axe  necessary  during  stress  relieving.  Parts 
should  not  be  degreased  with  solvents  which  may 
leave  chloride  residues.  Several  fabricators  have 
reported  cracking  in  beldnents  during  stress  relief 
•hen  the  components  or  tooling  were  degreased  In 
trichloroethylene  prior  to  heating. (1)  Final  sol¬ 
vent  cleaning  with  alcohol*  acetone*  or  draw  filing 
just  before  welding  will  avoid  the  possibility  of 
stress-corrosion  cracking  during  stress  relief. 

This  will  also  minimize  weld  porosity. 

There  are  other  more  fundamental  aspects 
which  could  show  an  advantage  to  be  gained  by 
. stress  relieving.  A  recent  study  performed"  by 
0MIC(2)  of  a  delayed  fracture  in  seam-welded  un¬ 
alloyed  titanium  indicated  that  failure  was  due  to 
high  residual  stresses  in  restrained  areas  as  a 
result  of  welding.  An  examination  of  the  fracture 
surface  by  means  of  electron  microscopy  clearly 
showed  that  the  titanium  failed  In  a  brittle  manner. 
Although  the  nature  of  the  embrittlement  was  not 
positively  Identified*  metal lographlc  examination 
showed  that  hydride-phase  precipitation  was  con¬ 
centrated  In  the  weld  and  heat-affected  zone.  On 
the  basis  of  information  discussed  below,  it  is 
suspected  that  hydride  precipitation  on  planes 
oriented  normal  to  the  principal  axis  of  residual 
stresses  In  the  sheet  contributed  to  a  significant 
lowering  of  the  fracture  stress  for  cleavage.  This 
particular  material,  contained  only  65-73  ppm  of 
hydrogen  which  wa4  apparently  uniformly  distributed 
in  the  base  ar<d  weld  metal  on  a  macroscale. 

A  hydride  phase  generally  can  act  In  two  ways 
to  embrittle  titaniums  (l).as  a  stress  raiser,  and 
(2)  through  its  Inherent  brittleness  which  results 
In  the  introduction  of  numerous  microcracks.  Usual¬ 
ly,  the  hydride  phase  is  randomly  located,  so  that 
brittleness  is  observed  only  when  the  hydrogen  con¬ 
tent  is  excessive*  or  when  conditions  are  such  that 
the  ductile  behavior  of  the  matrix  is  minimized, 
l.e.*  at  high  strain  rates  or  low  temperatures. 

Recently,  however,  M.  R.  Louthan(3)  has  shown 
that  hydride-  platelets  in  titanium  can  be  preferen¬ 
tially  oriented  by  stress.  Thus,  on  cooling  a  weld- 
rolled  sample  of  unalloyed  titanium  from  800  F  under 
an  applied  tensile  stress  of  30,000  osi,  hydride 
platelets  precipitated  nearly  perpendicular  to  the 
principal  stress  axis.  < 


Other  work  by  R.  F.  J^arshali  and  R.  Lou- 
than(^)  showed  the  orien'istion  of  hydrides  in 
Zircaioy  was  in  turn  dependent  upon  the  orientation 
of  hydride  platelets.  Stated  in  terms  of  the  hydro¬ 
gen  content,  as  noch  as  100  ppn  of  hydrogen  present 
as  randomly  oriented  hydrides  did  not  decrease  the 
ductility  of  Zircaioy  below  10  per  cent  RA*  but  when 
50  ppo  hydrogen  was  present  as  hydrides  oriented  on 
planes  normal  to  the  stress  axis*  the  material  was 
•  brittle.  The  ultimate  strength  was  also  greatly 
reduced. 

Although  data  si.owing  the  stress  dependence 
of  hydride  orientation  in  titanium  alloys  are  not 
available*  hydrides  would  also  be  expected  to  - 
precipitate  on  planes  normal  to  tensile  stress  in  an 
alloy.  Such  orientation  of  hydride  is  energetically 
favorable  because  the  matrix  would  be  expanded  in 
a  direction  to  relieve  the  applied  stress.  Titanium 
alloys  such  as-  Ti-6A1-4V  and  Ti-5Al-2.5Sn  have,  a 
higher  hydrogen  tolerance  than  unalloyed  titanium, 

A  hydrogen  content  of  150  ppm  (randomly  oriented 
hydrides)  has  been  shown  not  to  affect  the  room- 
temperature  tensile  ductility  of  welded  joints  in 
Ti-6A1-4V*  while  hydrogen  in  excess  of  100  ppm 
(randomly  oriented  hydrides)  en4>rittles  welds  in 
unalloyed  titanium. (5) 

In  the  case  of  the  fracture  Investigated  at 
Battelle*  it  is  expected  that  a  stress-relief  treat¬ 
ment,  after  preliminarywelding  and  before  the 
final  welding  operation,  would  minimize  hydride  em¬ 
brittlement.  The  positive  effects  of  such  a  stress- 
relief  treatment  would  be  threefold:  (1)  residual 
stresses  (the  forces  for  crack  initiation)  vrould  be 
reduced*  (2)  hydride  precipitation  on  planes  normal 
to  residual  tensile  stresses  (the  embrittling  condi¬ 
tion)  would  be  minimized*  and  (3)  redistribution  of 
the  hydrogen  would  lower  the  amount  of  hydride  phase 
in  the  heat-affected  zone. 

More  recently,  additional  information  on  the 
desirability  of  stress  relieving  titanium  alloy  welds 
intended  for  low-temoerature  applications  has  become 
available  to  DMIC.lb)  m  this  instance,  tensile 
properties  were  determined  on  a  number  of  Ti-5A1- 
2,5bn  TIG-  and  electron-beam-welded  samples  of  the 
ELl-grade  alloy,  both  with  and  without  an  unspecified 
stress-relief  anneal,  at  temperatures  to  -423  F. 

These  data  are  summarized  in  Table  2.  On  the  basis 
ox  the  apparently  beneficial  effect  of  stress 
relief  on  the  low-temperature  tensile  elongation  and 
spread  in  elongation  values,  it  was  concluded  that 
stress-relief  annealing  is  beneficial  and  desirable. 
It  is  of  further  interest  to  not«  that  metallographic 
evaluation  of  two  clectron-beam-weldcd  fo  ping  speci¬ 
mens  (which  failed  prematurely  at  -3C0  F  and  -423  F) 
showed  evidence  of  what  appeared  to  be  a  hydride 
phase  on  the  fracture  surface.  T;ie  suspect  precipi¬ 
tates  disappeared  «hen  the  specimen  was  heated  to 
1475  F  for  30  minutes. 

In  suiimary,  all  aspects  of  welded  structure 
are  in-fjurtant  in  deciding  whathsr  stress-relieving 
treatments  are  necessary.  It  is  not  necessary  to 
stress  relle-v^s  ail  welds,  but  such  treatments  may  be 
deuirablo  when  the  structures  are: 
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TABLE  2.  U0»f-lBiKRATlS5S  TENSILE  DATA  ON  TIG-  AND  ELECTRCW-B^WELDED  Ti-5Al-2.5Sri  AJ^jOY 


1 . ■■■— — 

t 

Test 

Ultimate.  Strength, ksi 

Elongation, in  2  Tnches^C^)  per  cent 

Material 

Temperature, 

F 

As-Received 
or  As-Welded 

Welded  and 
Stress-Rel ieved 

As-Received 
or  As-Welded 

Welded  and 
Stress-Rel ieved 

Foroed  aaterialt 
Parent  a»tal 

-423 

234- .»53 

6-lC 

- 

TIG  welded 

RT 

124-12t; 

120-127.5 

14-15.5 

14-15.5 

-300 

- 

177-183 

- 

9-10.5 

-423 

214-240.5 

230.5-240 

0.5-3.5 

4.5-7.5 

EB  welded 

RT 

122-125 

2-9 

4. 

-3CC 

185-192 

•a 

1-1.5 

• 

-423 

204-225 

- 

1-2.5 

- 

0.047-inch  sheet: 

Parent  metal 

-423 

204-247 

6-12 

TIG  welded 

RT 

- 

121-125 

- 

16-20 

-423 

227-229.5 

228-238 

1.5-4 

3-3.5 

0.0^-inch  sheet: 

TIG  welded 

RT 

116-117 

112-115 

15-17 

15.5-17 

-423 

228-229 

- 

7-8.5 

.. 

EB  welded 

RT 

115-116 

- 

7-13 

-300 

174.5-179 

- 

1. 5-6.8 

-423 

206-227 

" 

1-4.5 

- 

(a)  Values  given  represent  the  maximum  and  minlraum  from  at  least  three  tests. 


(1) 

(2) 

(3) 

(4) 

(5) 


Manufactured  to  close  dimensional 
tolerances 

Complex  and  contain  many  stress 
raisers 

Subjected  to  dynamic  loading 

Subjected  to  low-temperature 
service 

Subjected  to  service  conditions 
that  might  promote  stress  corrosion. 


Other  buestions  received  at  the  Defense  Metals 
Ir formation  Center  have  been  concerned  with  the 
type  of  test  program  required  for  establishing  the 
need  for  stress-relieving  treatments.  One  objec¬ 
tive  of  such  a  program  would  be  to  establish 
residual  stress  levels  after  vaiying  stress- 
relieving  treatments.  Variables  that  should  be 
studied  include  stress -relieving  temperature  and 
time  at  temperature.  A  number  of  procedures  can 
be  followed  in  measuring  residual  stresses  after 
these  treatments. 


A  second  objective  should  be  to  establish  the 
I  effects  of  stress-relieving  treatments  on  the  me- 
Ichmical  prop<rti(s  of  the  wcldfd  joints.  Iloimally, 
most  stress-relieving  operations  do  not  affect  the 
I  mechanical  properties  of  the  joint.  In  the  case  of 
the  TI-6A1-4V  alloy,  however,  there  is  a  chance 
that  age  hardening  will  occur  in  the  welds  during 
I  stress-rel ieving  operations.  Hardening  can  be 
|cvaluaicd  on  the  basis  of  hardness  measurements  in 
fthe  weld  zone  plus  bend,  tensile,  and  V-notch 
jCharpy  Impart  tests. 

The  final  objective  of  the  program  should  be 
to  determine  the  effects  of  stress-relieving  opera- 
itions  on  tlie  performance  of  the  weldments.  Probab- 

I 

I 


ly,  the  best  performance  measurement  would  be  the 
capacity  of  the  wld  to  undergo  plastic  flow  under 
the  desired  operating  conditions.  There  are  a 
number  of  tests  wt)ich  could  be  used  to  evaluate 
this  capacity.  Theso  include  bulge  tests  on  speci¬ 
mens  with  center  welds,  burst  tests  on  small  tanks, 
or  burst  tests  on  cylinders  in  which  a  wold  Is  made 
in  an  area  of  stress  concentration,  such  as  a  dent 
in  the  specimen.  As-welded  and  stress-rol ievod 
specimens  could  be  compared, 
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